Electric footshock elicited an immediate burst of activity followed by a period of immobility termed freezing. Naloxone, an opiate antagonist, enhanced both of these postshock reactions (Experiment 1). Naloxone's effects on the active and inactive components of the postshock reaction paralleled those of increasing shock intensity (Experiment 2). This finding suggests that the drug caused these results by enhancing the perceived intensity of shock. The facilitatory effects of naloxone on the active and inactive reactions to shock appear to be specific to nociceptive stimuli, as naloxone decreased the activity burst elicited by a nonnociceptive startling stimulus and had no effect on the freezing that followed that nonnociceptive stimulus (Experiment 3). Naloxone could accomplish its alteration of perceived intensity by antagonizing endogenous opioid analgesic systems. However, as hypophysectomy did not block the drug's action, the effects are not mediated by pituitary opioids (Experiment 4).
There are two components to the behavioral reaction of rats following a brief electric footshock. The immediate component is an activity burst that represents a brief, unconditional reaction to the shock (Anisman & Waller, 1973; Fanselow, 1982) . This activity burst is soon replaced by a more prolonged period of crouching and immobility referred to as freezing (Myer, 1971) . This freezing response is one of the rat's species-specific defense reactions (Bolles, 1970; and represents a conditional reaction to apparatus stimuli that have become associated with shock (Blanchard & Blanchard, 1969; Blanchard, Dielman, & Blanchard, 1968; Bolles & Collier, 1976; Fanselow, 1980) . Prior research has found that the opiate antagonist naloxone enhances the postshock freezing response (Fanselow, 1981; Fanselow & Bolles, 1979a) , but the effects of this drug on the activity burst have not, heretofore, been examined. Because stronger shocks cause more freezing, naloxone's effect has been attributed to modulation of the rat's perceived intensity of shock (Fanselow, 1979; Fanselow & Bolles, 1979b) . This perceived intensity hypothesis simply states that naloxone-treated rats act as if they had received a more intense (higher amperage) shock than had been physically delivered. As the drug obviously does not alter the physical intensity of shock, what is altered is referred to as the perceived intensity. Naloxone could have accomplished this by antagonizing endogenous opioid analgesic systems. As the activity burst also increases with shock intensity (Anisman & Waller, 1973; Fanselow, 1982) , this perceived intensity hypothesis predicts that naloxone would also increase the activity burst.
Experiment 1
In all experiments reported here, I used the postshock activity burst paradigm that has been described previously (Fanselow, 1982) . The procedure had two phases which were carried out 24 hr apart. In the first phase, the training phase, a rat was simply exposed to a few shocks in an observation chamber in order to establish a freezing baseline. During the test phase, the rat was returned to the chamber and given a single shock 3 min later. The rat remained in the box for an additional 8 min, and three measures were taken. The percentage of time spent freezing during the 3-min preshock period was an index of the amount of freezing conditioned to apparatus cues during the training phase. The length of the disruption of freezing following shock (i.e., latency to resume freezing following shock termination) was a measure of the activity burst. Finally, the percentage of time spent freezing over the entire 8-min postshock period was determined, and this indicated the combined effects of freezing conditioned to apparatus cues by both the test shock and the training shock (Fanselow, 1980) .
In the first experiment, naloxone was given immediately prior to the test session. As stronger test shocks have been shown to produce both a longer activity burst and more postshock freezing, the perceived intensity hypothesis predicts that naloxone given prior to testing would increase the duration of the activity burst as well as postshock freezing but would not increase preshock freezing.
Method
Subjects The subjects were 16 naive adult female rats of Long-Evans descent obtained from Blue Spruce Farms (Altamont, New York). These rodents were housed under a 14:10 hr light/dark, cycle with ad-lib food and water conditions. All experimental procedures were carried out during the lighted portion of the cycle. The rats were handled for about 30 s a day for at least a week before the experiment began.
Apparatus. A 23.5 x 29 x 19.5 cm observation chamber was used. Its front and back walls (29 cm) were made of stainless steel. The ceiling and side walls were composed of clear acrylic plastic. The chamber's floor was constructed of 18 metal rods, 2.5 mm in diameter, spaced 1.5 cm center to center. These rods were wired to a Grason-Stadler shock generator/ scrambler that provided a 0.75-s, 0.8-mA shock. Before each rat was placed in the experimental apparatus, the chamber was cleaned with a solution of 1% acetic acid and tap water.
The observation chamber was enclosed in a soundattenuating chest that had a 30 x 30 cm clear acrylic plastic observation window. The chamber was illuminated by a 7.5-W white light bulb centered 12.5 cm above the roof of the chamber. A fan ventilated the chest and provided 73-dB (C scale) of background noise as measured from the center of the chamber's grid floor.
Procedure. On the first day, each rat was placed in the observation chamber, and 3 min later it received three shocks at a 20-s intershock interval. Twenty seconds after the last shock, it was returned to the home cage. Twenty-four hours later half of the rats were injected (ip) with naloxone hydrochloride (4 mg/ kg), and the other half were given a placebo consisting of an equivalent volume of the isotonic saline vehicle. The selection of this dose was based on earlier doseresponse work (Fanselow & Bolles, 1979a , 1979b . Pilot work indicated that this dose of naloxone, injected ip, can reverse the catatonic effects of a large dose of morphine (80 mg/kg) in about 1 min. One minute after injection, the rat was replaced in the observation chamber, and after 3 min it received a single shock. The session ended 8 min after that shock.
During the second day, the animal's behavior was observed according to a time-sampling procedure. Every 1.25 s the rat's behavior was scored as either freezing or activity. Freezing was defined as the absence of all visible movement of the body and vibrissae except for movement necessitated by respiration. All other behaviors were scored as activity. Previously published work from this laboratory indicated a high interobserver agreement with this observation technique (90%-99%). The observer was always ignorant of the drug administered to the subject.
Three dependent measures were taken: (a) the percentage of samples scored as freezing during the 3-min preshock period (preshock freezing), (b) The number of samples that occurred following shock termination but prior to two consecutive samples judged as freezing was multiplied by 1.25. This value was used as the estimate of the duration of the activity burst (in seconds), (c) The postshock freezing measure was the percentage of samples judged as freezing during the 8-min postshock period.
Results and Discussion
The data are shown in Figure 1 . Naloxone did not affect the level of preshock freezing F(l, 14) < 1. This result is consistent with earlier work that has shown that naloxone does not affect performance of the freezing response (Fanselow, 1981) . However, naloxone produced more than a four-fold increase in the duration of the activity burst, F(l, 14) = 20.34, p < .001. This demonstration, that naloxone increases the activity burst that occurs following shock termination, is novel. However, the finding is consistent with Bass, Friedman, and Lester's (1978) observation that naloxone increased the activity that occurred during shock. Naloxone pretreatment enhanced the freezing response fol- lowing shock, F(l, 14) = 8.18, p < .02, a result confirming earlier reports of this effect (Fanselow, 1981; Fanselow & Bolles, 1979a; Galizio, Gore, & Sanderson, 1983) . As naloxone enhanced two responses of opposite topographies, it would be difficult to attribute the drug's action to a peripheral motor effect. In addition, because the activity burst is an unconditional reaction (Fanselow, 1982) , it is difficult to attribute naloxone's modulation of this response to an alteration in learning or memory processes (cf. Messing et al., 1981) . However, as naloxone's effect on both the activity burst and freezing exactly parallels the effects of an increase in shock intensity, the action of the drug may be most parsimoniously attributed to enhancement of the subject's perceived intensity of shock; that is, naloxone-treated rats reacted as if the test shock was more intense than the one physically delivered. This explanation is consistent with the results of other behavioral paradigms in which naloxone increases the probability of responses that also increase with shock intensity (e.g., defensive boxing -Fanselow, Sigmundi, & Bolles, 1980; jump-up avoidance-Galizio et al., 1983; punishment-Young, 1980) . This explanation is also consistent with the known hyperalgesic properties of naloxone on standard pain tests (e.g., Fanselow, 1984; see Bolles & Fanselow, 1982 , for a review). It is possible that naloxone can accomplish this alteration in perceived intensity by its known ability to antagonize endogenous opioid analgesic systems (Bolles & Fanselow, 1982) .
Experiment 2
When shock intensity is manipulated factorially between training and testing in the activity-burst paradigm, a distinct pattern of results emerges (Fanselow, 1982, Experiment 2) . The freezing that occurs prior to the test shock is solely a function of the intensity of the training shocks received 24 hr earlier. In contrast, the duration of the activity burst is determined by the testing, not the training, intensity. The freezing that occurs following shock termination is a function of both training and testing shock intensities. Postshock freezing is found to be highest in the animals that received the high-intensity shock both in training and testing and to be lowest in the rodents that had the low-intensity shock in both training and testing. The perceived intensity hypothesis predicts that if naloxone or placebo treatment is manipulated factorially between training and testing, the drug's effects should be analogous to those of shock-intensity manipulations.
Method
Subjects and apparatus. Thirty-two rats similar to those described in Experiment 1 were tested in the same apparatus as in Experiment 1.
Procedure. The procedure was identical to that of the first experiment except that the subjects were divided into four equally sized groups. Naloxone or a saline placebo was administered 1 min prior to the training and/or testing session in a factorial combination.
Results and Discussion
The results are presented in Table 1 . Preshock freezing, activity-burst duration, and postshock freezing measures were each subjected to separate analyses of variance.
For preshock freezing, the main effect of training was reliable, F(l, 28) = 5.93, p < .025, which indicates that naloxone given prior to the training shock caused an increase in preshock freezing observed 24 hr later. The main effect for test drug and the ' Data are the mean percentages of samples that were scored as freezing.
interaction were not reliable, Fs(l, 28) < 1, which indicates that the immediate presence or absence of naloxone did not affect preshock freezing. This pattern of results for preshock freezing is exactly parallel to those found when shock intensity is manipulated between testing and training, with naloxone-treated rats being similar to animals receiving high-intensity shock and saline animals being similar to rats receiving low-intensity shock (cf. Fanselow, 1982 , Experiment 2). The activity burst was increased when naloxone was given immediately before testing, F(l, 28) = 6.5, p < .025. However, naloxone given before training was not a determinant of the activity burst, F(l, 28) < 1. Although the interaction was not reliable, F(l, 28) = 1.76, p = .2, Table 1 indicates a trend for the naloxone-trained, saline-tested animals to show the briefest activity burst and the naloxone-trained, naloxone-tested animals to show the longest activity burst. I do not wish to speculate on the reasons for this (nonsignificant) trend,, but it is interesting to note that the same (nonsignificant) trend emerged when shock intensity was varied, with high-shocktrained, low-shock-tested rats showing the briefest activity burst and high-shocktrained, high-shock-tested rats showing the longest activity burst (cf. Fanselow, 1982, p. 450) .
For postshock freezing, all naloxonetreated groups combined froze more than the saline-saline control group, -F(l,28) = 5.43, p < .05. This is consistent with previous results showing that if naloxone is present when apparatus stimuli and shock are paired, those apparatus stimuli will later elicit greater levels of freezing (Fanselow, 1981 ). This result also parallels the effects of shock intensity on postshock freezing.
In sum, the pattern of results obtained in this experiment supports the perceived intensity hypothesis that naloxone causes effects analogous to those caused by increasing shock intensity.
Experiment 3
One may ask whether the effects of naloxone are specific to nociceptive stimuli such as shock. If naloxone produces its effect by antagonizing an endogenous analgesic process, as the perceived intensity hypothesis suggests, an affirmative answer to this question would be expected. However, the activity burst, as measured by disruption of the freezing baseline, resembles, at least superficially, the startle reaction that can be elicited by a sudden nonnociceptive stimulus (cf. Leaton, 1976) . It is possible that naloxone has the ability to potentiate startle responses, and if that is the case, such a capability would provide an alternative explanation of naloxone's ability to increase the activity burst. Davis (1979) reported that naloxone does not alter the amplitude of the acoustic startle response elicited either in the presence or in the absence of Pavlovian fear cues. However, Davis's results cannot be used to rule out this potentiated startle possibility, as there were numerous methodological differences between his preparation and the present one. Therefore, to test this possibility, in Experiment 3 I examined naloxone's influence on the disruption of freezing caused by a nonnociceptive startling stimulus. The stimulus employed was a compound containing auditory, visual, and tactile components.
Method
Subjects Twenty-four rats like those described in Experiment 1 were used Apparatus. The apparatus was that used in Experiment 1 except that a 0.75-s nonnociceptive stimulus compound was substituted for shock in the test session. A visual aspect of this stimulus was produced by extinguishing the 7.5-W overhead light. A tactile aspect was provided by a Sanyo DA-2500 Massager (17 W, 60 Hz) bound to the outside of one of the metal walls, at the level of the grid floor, with six large rubber bands (6.5 mm wide). Vibratory-tactile stimulation was detectable by the experimenter when he placed his hand on the grid floor. The massager also raised the sound pressure level to 108 dB (C scale). An additional auditory aspect of this compound was provided by a 9000-Hz tone presented through an 11.5-cm (diameter) speaker attached to the center of the rear plastic wall. Holes drilled through the plastic allowed penetration of the sound. This tone raised the sound pressure level to 98 dB (C scale). When the tone and vibratory stimulus were presented simultaneously, the sound pressure level increased to 111 dB (C scale, 38 dB over background). The startle stimulus always consisted of the simultaneous onset and simultaneous termination of all three aspects (darkness, sound, and vibration).
Procedure The procedure was identical to that of Experiment 1 except that a single presentation of the compound stimulus was substituted for shock on the test day. The training procedure still involved exposure to four (0.75-s, 0.8-mA) shocks.
Results and Discussion
The data are presented in Figure 2 . The levels of prestimulus freezing were comparable for the naloxone-and saline-pretreated groups, F(l, 22) < 1.
The compound startle stimulus was successful in producing an activity burst in saline-treated animals comparable in duration to that found in the earlier experiments. However, naloxone decreased the activity burst to about one third of that in saline controls, F(l, 22) = 7.90, p < .02. Although it would be premature to postulate a mechanism for naloxone's ability to abate the disruption of freezing caused by this complex stimulus, the results do suggest that naloxone's ability to enhance the activity burst is relatively specific to certain classes of stimuli-perhaps, only to nociceptive stimuli such as shock. The results of Warren and Ison (1982) are interesting in this regard. Those researchers matched tones and shock for the magnitude of startle they provoked and found that the ex- ogenous opioid analgesic morphine suppressed only the startle elicited by shock. Naloxone did not have a reliable effect on poststimulus freezing, F(l, 22) = 1.46. This suggests that naloxone's ability to enhance postshock freezing is also specific to nociceptive stimuli such as electric shock.
Experiment 4
The results of Experiment 3 suggest that naloxone's effects on perceived intensity are specific to nociceptive stimuli. Such an action could be mediated through an antagonism of endogenous opioid analgesic systems (Bolles & Fanselow, 1982; Sherman & Liebeskind, 1980) . Much of an animal's endogenous opioids are stored in the pituitary (Rossier et al., 1977) , and studies of stress-induced analgesia have suggested both hypophyseal and nonhypophyseal opioid systems (Lewis, Chudler, Cannon, & Liebeskind, 1981; . Therefore, in Experiment 4 I examined the effects of hypophysectomy on naloxone's modulation of behavior in the activityburst paradigm.
Method

Subjects
Twelve hypophysectomized and 12 sham-operated control rats were obtained from Blue Spruce Farms. All rodents were provided with ad-lib access to 10% glucose in tap water rather than plain tap water. All other subject and housing variables were identical to those of the earlier experiments.
Apparatus and procedure Surgery took place at 74 days of age. The animals arrived in the laboratory 4 days after surgery and were all handled for 30 sec each day until the experiment began at 100 days of age.
The experimental procedure was identical to that of the first experiment. It was conducted in the same apparatus as in the first experiment.
Verification of hypophysectomy. Vaginal smears were taken daily for 1 week following the experiment. These smears were inspected microscopically for any evidence of estrous cycling Following this the animals were anesthetized with ether and sacrificed by decapitation. The brains, skulls, and pituitary cavities were inspected for the presence of any pituitary tissue. Three operated rats, 2 in the hypophysectomizednaloxone group and 1 in the hypophysectomized-saline group were eliminated from statistical analysis because they had some remaining pituitary tissue and evidenced at least partial cycling The other operated rats had no visually detectable pituitary tissue remaining and had no evidence of cyclic activity. These rats also showed profuse urination, weight loss, and the absence of cornification of the tails.
Results and Discussion
The data are presented in Table 2 . Because of the exclusion of animals with incomplete hypophysectomies, there were unequal numbers of subjects in the four groups. Therefore unweighted means analyses of variance (ANOVAs) were used for all measures. A 2 X 2 ANOVA found that for preshock freezing, neither the main effects nor the interaction was reliable, Fs(l, 17) < 1. For the activity burst, the only reliable effect was that of drug, F(l, 17) = 10.79, p < .005; naloxone again increased the duration of the activity burst. Neither the main effect of surgery, F(l, 17) = 1.21, nor the interaction, F(l, 17) = 1.88, was reliable. A similar pattern emerged for postshock freezing. Naloxone increased this response, F(l, 17) = 21.96, p < .0003, but the main effect of hypophysectomy, F(l, 17) = 1.44, and its interaction, F(l, 17) = 2.2, p = .16, were not reliable. This experiment replicated the naloxone effects reported in Experiment 1 and found that the presence of the pituitary is not necessary for demonstrating such effects. If endogenous opiates are involved in these phenomena, it is apparently not those localized in the pituitary. Earlier research (Fanselow, 1984; Fanselow & Baackes, 1982) has shown that shock parameters similar to those used here produce an analgesia on the formalin test of pain sensitivity. This analgesia is also not reversed by hypophysectomy, but it is reversed by either naloxone or naltrexone. The analgesia appears to be mediated by apparatus cues that have become associated with shock.
General Discussion
The perceived intensity hypothesis of naloxone's action predicts that naloxone will cause animals to act as if nociceptive stimuli are more intense than they actually are. Support for this hypothesis is obtained when the effects of this drug parallel alterations of the physical intensity of a nociceptive stimulus. The results reported here demonstrated such a parallel between naloxone pretreatment and previously published shock intensity effects (Fanselow, 1982) for both an active unconditional response and an inactive conditional response. The perceived intensity hypothesis also suggests that these facilitatory effects of naloxone should be specific to nociceptive stimuli; Experiment 3 demonstrated that this was the case. The perceived intensity hypothesis also provides a parsimonious account of much of the literature on naloxone in aversively motivated situations (see Bolles & Fanselow, 1982 There are, no doubt, several boundary conditions that limit the generality of the perceived intensity hypothesis. One important one is that these effects are obtained only in the presence of stimuli that have been previously associated with shock (Fanselow, 1981; Fanselow & Bolles, 1979b) . This may be due to the fact that conditioned fear is necessary to activate the animal's endogenous opioid analgesic systems . It should be noted that the test shock occurred in the presence of conditioned fear cues because the training shocks that provided the freezing baseline necessarily conditioned fear to the prevailing apparatus stimuli (see Fanselow, 1980) . The assumption made here is that in the absence of these fear cues naloxone would not have influenced the activity burst. This assumption is difficult to test because without conditioned fear cues there would be no freezing baseline with which to measure the activity burst. However, I have found that such cues are necessary for demonstrating naloxone's effects on several other responses to nociceptive stimuli whose baselines are not so constrained (Fanselow, 1984; Fanselow & Bolles, 1979b) .
The failure to block the effects of naloxone with hypophysectomy suggests that the opioid system presently in question was nonhypophyseal. Elsewhere (Fanselow, 1984) , I found that the presence of stimuli associated with shocks, similar to those given here, is sufficient to activate a nonhypophyseal opioid analgesic system. It appears that it is necessary to administer much more prolonged stress than that used here to activate nonopiate or hormonalopiate systems (Bodnar, Glusman, Brutus, Spiaggia, & Kelly, 1979; Fanselow, 1984; Lewis, Tordoff, Sherman, & Liebeskind, 1982; MacLennan et al., 1982a MacLennan et al., , 1982b .
The perceived intensity hypothesis is part of a more general theoretical framework-the perceptual-defensive-recuperative model of fear-pain interactions Fanselow & Bolles, 1979b) . Fanselow and Sigmundi (1982) suggested that the wide variety of responses to nociceptive unconditioned stimuli (US) can be grouped into three general categories: (a) Species-specific defense reactions (SSDRs) are responses to the fear that can be aroused, conditionally, by stimuli associated with nociceptive USs that support fear conditioning, (b) Recuperative behaviors are elicited by the wounds, tissue damage, and irritation that may be caused either directly or indirectly by certain nociceptive USs. (c) Unconditioned reflexive reactions are directly elicited by some nociceptive USs. The design of the test situation determines which of these behaviors will be prevalent. The PDR model states that fear activates an endogenous analgesic system, and as all three categories of reactions increase with the intensity of the nociceptive stimulus, fear-induced analgesia tends to suppress all three classes of reactions. As naloxone antagonizes this endogenous analgesic process, under the appropriate circumstances naloxone should enhance all three reactions. There is now extensive support for this model, as naloxone has been shown to enhance several behaviors in all three categories: Four of the rat's SSDRs, freezing (Fanselow & Bolles, 1979a; Galizio et al., 1983 ; present article), defensive burying (D. A. Whiteside & L. D. Devenport, personal communication, February 23, 1983) , defensive boxing (Fanselow & Sigmundi, 1982; Fanselow et al., 1980; Gorelick, Elliot, & Sbordone, 1981; Rodgers, 1982) , and jump-up avoidance (Galizio et al., 1983) , are enhanced by naloxone. In the presence of fear cues, naloxone enhances the recuperative behavior that results from either formalin that is injected into a paw (Fanselow, 1984; Fanselow & Baackes, 1982) or from repeated, vigorous muscular activity (Fanselow & Sigmundi, 1982) . Finally, the present series of experiments indicates that naloxone enhances the postshock activity burst, which is an unconditional reaction to shock (Fanselow, 1982) . Similarly, Bass et al. (1978) found that naloxone increased the unconditional activity that occurred during shock. Watkins, Cobelli, and Mayer (1982) demonstrated that naloxone enhances the tail-withdrawal reflex unconditionally elicited by radiant heat. Their data suggest that this is accomplished by fear-induced activation of descending opiate-analgesic pathways.
The data presented in this article indicate that naloxone's effects on postshock activity and freezing may be most accurately and parsimoniously interpreted within the above theoretical framework. Fear, conditioned to contextual cues by the training shocks, not only establishes a freezing baseline but also activates an endogenous opioid analgesic system that diminishes the perceived intensity of subsequent nociceptive stimuli. This analgesia reduces both activity-enhancing and activity-suppressing effects of the test shock. Naloxone antagonizes this analgesic process, increasing both components of postshock reactivity relative to those of saline controls.
